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NREL at a Glance

3,675 workforce, including:
* 2,732 regular/limited term
* 490 contingent workers
» 211 postdoctoral researchers
+ 152 graduate student interns

* 90 undergraduate student interns

—as of 9/30/2023

World-class research expertise in:

* Renewable Energy

 Sustainable Transportation & Fuels

* Buildings and Industry

* Energy Systems Integration
Partnerships with:

* Industry

» Academia

» Government

4 campuses operate as living laboratories
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GIObaI TeCh nical Platfo rms Advanced Energy Partnership for Asia

The USAID-NREL Partnership’s global technical platforms provide
free, state-of-the-art support on common and critical challenges to
scaling up advanced energy systems.

explorer Greening } , Resilient Energy
-/‘/L MAPPING OUR ENpERGY FUTURE the Grid | JEDl Platform
www.re-explorer.org www.greeningthegrid.org www.i-jedi.org www.resilient-energy.org
E)UsAID TINREL SREDFY
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Context for Offshore Wind in Bangladesh



Why Pursue Offshore W|nd Energy? Advanced Energy Partnership for Asia

v' Generation close to load (much of the world’s population lives near the coast)

v’ Stronger wind resource with higher capacity factor and potentially different generation profile
v Larger scale clean energy projects are possible

v Less constrained by land transport and construction

v Revitalizes ports and domestic manufacturing

¢

Diversify the country’s
renewable energy mix without

For Bangladesh:

1)

Leverage investments in .
9 Transfer skillsets from

offshore oil and gas

coastal economic zones to
support offshore wind
manufacturing and
installation.

exploration to offshore wind

using limited land. development.

@UsAID TINREL SREDR
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G IObaI Development Trends Advanced Energy Partnership for Asia
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Figure. Global installed capacity of wind (GW), 2001-2023
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Market Share by Region

Advanced Energy Partnership for Asia

New installations onshore (%)

Res' Ol world 'I 'I % Dot R CI'Iiﬂﬂ &56%

Poland 1% =
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Sweden 2% = -
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= Rest of world 7%
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Figure. Percentage of new and total onshore and offshore wind installations by country (2023)

Source: Lee and Zhao (2024) ‘\ USAID z} N R E L SRED?{)
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COSt TrendS and Pr()jeCtionS Advanced Energy Partnership for Asia

Onshore Fixed-bottom offshore Floating offshore Note: like other industries, the
wind industry has been
impacted by supply chain

Ll 1 1 shocks, inflation, and rising

interest rates over the past

several years, resulting in
higher costs today than what
was reported in 2020. There is

160 -

120 - - 1

100 - 1 '.’ ml

LCOE in median scenario (real 2019 US$ MWh™')

” still long-term potential for cost
01 & 1 1 reductions enabled through
o S o | e | | increased deployment,

e e e e industry learning and
20 - e 1 innovation, and supply chain

| | | | | | b | . | | | maturation.
2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050
Online year Online year Online year
+ o« Asgia =—a- Europe -—=— North America 25th—75th percentile range

Figure. Median-scenario wind LCOE projections from 2020 survey of experts, 2021-2050

Source: Wiser et al. (2021)
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TeCh nOIOgy Trends Advanced Energy Partnership for Asia

18 300
M Capacity-Weighted Average Turbine Capacity (left axis) .
-} Capacity-Weighted Average Rotor Diameter (right axis) Operatl ng Announced
16 =)~ Capacity-Weighted Average Hub Height (right axis)
2023 Capacity-Weighted Averages - 250
14 | Turbine Capacity: 9.7 MW —
Rotor Diameter: 183.4 m £

Hub Height: 124.0 m

200

150

Turbine Capacity (MW)

Hub Height and Rotor Diameter (

100
Figure. Wind turbine blade manufacturing and testing facility
50 tour for Bangladesh government officials during visit to NREL
Image: Werner Slocum (NREL)

2000 2005 2010 2015 2020 2025
Commercial Operation Date

Figure. Trends in offshore wind turbine technology

Source: NREL Offshore Wind Market Report: 2024 Edition fa USAID IINREL SRED@
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Wlnd Energy SeCtor in Bangladesh Advanced Energy Partnership for Asia

’ﬁ BangladeSh a|mS tO have 5 GW - | F|gure Current Iandscape ofwmd energy in Bangladesh

Of tOtaI InStaIIed Wlnd CapaCIty . UHJJHJJQ‘*! 33:*MA!LJ CROPCULTIVATIONINFARMS& IMPROVING GRID | r .7 : |
(onshore and offshore) by 2032. ._Jr.z.x..m..u_e.r 1 § s )
e 2 [ corsoncner 8

PROJECTS IN THE
IMRPROVED MAINTENANCE & ;
PIPEI.INE 3 MORE EXTENSIVE RESEARCH 7 IMREROVEDE o
STREAMLINED APPROVAL PROVIDING FINANCIAL :
PROCESS INCENTIVES

ONGOING PROJECTS

RECOMMENDATIONS

it Current installed capacity of
wind: 63 MW (with one

INCEPTION OF WIND
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BAZAR BAZAR

MW).
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o &J ACH TURBINE I"O SEA LEVELS

coanfllUence

.

Source: Uzzaman (2023)
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Offshore Wind Development in Bangladesh Advanced Energy Partnership for Asia

it The Asian Development Bank (ADB) has sponsored pre-feasibility and feasibility
assessments for offshore wind in the Bay of Bengal and identified suitable areas for
further study and initial development off the coast of Cox’s Bazar.

it H&M is investing in an offshore wind project, led by Copenhagen Infrastructure
Partners. This project anticipates:

it Detailed feasibility study for this site will be conducted within the next 3 years.
it 500 MW plant which could begin operation by 2028.

it Bangladesh Integrated Energy and Power Master Plan (IEPMP) 2023 plans for 6
GW of offshore wind by 2041 and 15 GW by 2050 in the Advanced Technology
Scenario.

Sources: Sajid (2023), Clancy (2024), Bangladesh Ministry of
Power, Energy and Mineral Resources (2023)
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Offshore Wind Technology Basics



Wind Direction

Rotation
Direction

How Does a Wind Turbine Work?

Image: Joshua Bauer (NREL)

Nacelle

'|
~ Yaw Systerﬁr

|
|
-

Cable :

Substation



Power from W|nd Advanced Energy Partnership for Asia

1
P,ing = E=pAv> Greater power extraction:

2

Select high wind speed sites (v?)
P,ina = power extracted from wind
E = efficiency of the turbine Increase in turbine height allows

Censity of the o access to lower density air (p) and
p = density of the air higher wind speeds (v3)

A = swept area of the turbine = nrr?
Increase in rotor radius (r?) results in

r = radius of the rotor |arger swept dlrea (A)

v = wind speed

Source: Joshi and Gokhale-Welch (2022)

SSSSS inoble and Renewable
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WI nd ReSOU rce Characte riStiCS Advanced Energy Partnership for Asia

Mean Wind Speed: “Average annual (or longer term) wind
speed.”

Wind Resource at 120 meters

Wind Speed (m/s)
Wind Speed Distribution: “How many hours per year does R
the wind blow at (x) m/s?” zs
Wind Direction: “How often and how strong are the winds i 28
from particular directions?” i 'fg

Transmission (kV)
7~ 230
Diurnal Wind Distribution: “What time of day has the most il

. A Measurement Stations
wind energy” b
Other Features
® City
Seasonal Wind Distribution: “What time of year has the R Ry

. I?” { =
StrongeSt wind resource’ Figure. Modeled and measured wind speeds at 120m in Bangladesh

Image: Jacobson et al. (2018)

e n=3 ™
Source: Robichaud (2018) @ QSMAWLDM LiNREL SRED,{
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Turbine Power Curves

Cut-In Speed: Speed below which

. Cut-In Speed i Rated Wind i

power is not generated. 14008 | | Speed |

1200} i i i

Rated Wind Speed: Speed at . | i i

which power is 100% of rated 2 | | |

power. g eoor i ; |

E 600} i i i

Cut-Out Speed: Speed at which - | | |

turbine shuts down to protect rotor [ ; ;

and drive train from damage. 200} i i i

This is an example power curve from a wind turbine in 2014. Not 0F i i i
all turbines will have these exact power curve characteristics. wmmp L. . . - - ' - I T
0 10 15 20 25 30 35 40

Wind Speed (m/s)
Figure. Example power curve for a wind turbine
Source: Freeman et al. (2014)
ZUSAID TEINREL SRED/?
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Cut-Out Speed
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Onshore vs. Offshore Wind

Advanced Energy Partnership for Asia

Capacity
Onshore Offshore 7MW
Wind Turbines Wind Turbines
Capacity
5.5 MW
Capacity
6.0 MW
Capacity
2.5 MW L ‘ ]

I: T -I Rptor

Rotor | =g ¢
L |  Diameter I 3 » 250 m
I 1 174m Rotor
Rotor Diameter Hub Hub
Diameter 150 m Height Height
120m 103 m 151 m

Figure. Offshore wind project in the United States

y o r | ! !

Specific Power Specific Power Specific Power Specific Power

221 W/m? 231 W/m? 340 W/m? 346 W/m?

Figure. Current and projected characteristics for onshore and offshore wind turbines
Image: Lawrence Berkeley National Lab

Image: Dennis Schroeder (NREL)

» Offshore wind turbines have higher hub heights and larger rotor diameters.

» Wind speeds are typically higher, more consistent, and less turbulent offshore.

» Offshore wind farms are not constrained by land availability but have separate permitting considerations.

» Barriers to offshore wind include a lack of supporting infrastructure (vessels, cranes, ports), difficult construction
conditions, and higher costs. f/?\USAID *NREL SREDIU

Source: Beiter et al. (2022) %“-n-@./, FROMTHE AMERICAN PEOPLE Transforming ENERGY Eneray Development Authariy
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Floating VS. Fixed TeChnOIOgy Advanced Energy Partnership for Asia

Figure. Structures for fixed bottom and floating offshore wind

* In water depths greater than 60
0 to 60 meters depth Above 60 meters depth m, f|oating substructures may be

more economical.

« “~80% of offshore wind resources
are in waters greater than 60 m
deep.”

4-legged Semi-
Jacket Tension Leg Spar Buoy submersible

Monopile Platform

* Floating wind enables sites to be
located further from shore, with
better wind resources.

oS

Source: Musial (2020)
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| nStal |ati0n TeCh nology Advanced Energy Partnership for Asia

Figure. A jack-up barge off the shore in Virginia, United States

Images: Dominion Energy, Siemens Figure. A jack-up barge at the Borkum Riffgat

=% USAID ;:E NREL SRED,!{) Offshore Wind Farm in the North Sea, Germany

V\*,;‘" FROM THE AMERICAN PEOPLE Sustainoble and Renewoble
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Considerations for Tropical Storms Advanced Energy Partnership for Asla

rotating . Ildling — blades are feathered
A
Wind Turbine Uses
Intemational
Electrotechnical
OWT Shut-In, Survival Threat To Commission (IEC)
S OWT Generating NOT Generating Offshorg Wind Design Standards
g Power Power Turbine
o - > < 5
=' Operating Winds opical Slom 1 Huricane CAT 25
Support Structure
! ' Uses Oil and Gas
L : > Design Standards
Cutin Rated Cut Out Extreme wind American -
Speed Speed Speed Petroleum Institute |
Wind Speed (API) 3
Figure. Example wind turbine power curve, extended to tropical storm conditions Figure. Design standards for offshore wind turbine and substructure
% When the turbine is not producing power, there are lower loads % |EC design load case (DLC) relevant to tropical
on the system (turbine will shut off due to high winds). cyclones: DLC 6.1 (normal condition, grid
% Standard procedure is to orient the turbine nacelle to always face connection) and DLC 6.2 (abnormal condition, no
the wind because cross winds can cause higher loads. grid connection).

* Grid connection is needed to power yaw system (if grid power is
lost, there are additional IEC design standards to follow).

EWUSAID FINREL SREDR
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Source: Fuchs et al. (2023)




Advanced Energy Partnership for Asia

Turbine Spacing Increases With Rotor Diameter

Turbine spacing

z’;;’,vg” ‘s notto ' IHH by Rough estimate of
100 ‘t ||'r ittrrtii power density: 4
L 2 Y MW/km?
1 rotor 1 ! 1 | I | ]
diameter el O RR )
1D Pl_'eval_llng Wind 1 Image: NREL
e i - \,_" Direction I
- .- S —_— . " |

Bigger spacing = higher capital cost due to longer array cables, larger array footprint, but lower wake
losses — typical spacing varies between 6D and 8D

Example: For a GE 12-MW Haliade-X with 8D spacing, the turbines would be over 1.6 km apart
& usAID TINREL SREDR
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Advanced Energy Partnership for Asia

Offshore Wind Project Development

Identify offshore Develop a project Conduct site
wind farm zones implementation investigation and
and sites roadmap surveys
5
g
g
o
: ] . Assess the grid
Obtain the permit FM Organize the tender FIWH B
connection
(=
()
3
S
=

Wind farm Wind farm
preparation construction 24-36 months
phase phase

Wind farm Wind farm
operation phase decommissioning

Figure. lllustrative offshore wind development timeline for Bangladesh

Source: Adapted from Asian
Development Bank, Joshi (2024)

Z'USAID LINREL SRED/?
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Offshore Wind Market Development



Components of a Viable Offshore Industry ~ AdvancedEnerayartnershipfor stz

@

\l/
-
m

e = |l

[f B

Market visibility and national targets.

Regulatory certainty and site control: political cooperation for equitable sharing of ocean space.
Port facilities to serve local installations and service ports.

Adequate vessels: heavy lift, survey, installation, crew transfer, and cable lay vessels.

Bulk transmission access: political support for coordinated actions.

Industry supply chain access and workforce: leverage existing capabilities, train, and develop.

Continued cost reduction to competitive pricing.

Z)USAID FINREL SRED/?
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o~ Transforming ENERGY ~ Energy Development Authority

%

24



Enabling Policies and Regulations

Spatial Planning:
Effective geospatial and marine
planning to identify suitable
locations.

Grid Connection:
Includes technical requirements
for grid integration, coordination
with grid operators, and grid
connection agreements.

Health and Safety:

Set standards for the health and
safety of the workers throughout
(construction, operation, and
maintenance).

Regulatory Framework:
Ensure that offshore wind farms
can receive the permits needed
for construction and operation.

Financing and Incentives:
Policies outlining financial
incentives to encourage private
sector investment.

Stakeholder Engagement:
Policies should emphasize
stakeholder engagement and
community consultation
throughout development.

iINREL

Transforming ENERGY

USAID

FROM THE AMERICAN PEOPLE Sustainoble and Renewaoble
Energy Development Authority

SRED/?

Advanced Energy Partnership for Asia

Environmental Considerations:
Policies should incorporate
robust
environmental assessments and
mitigation measures.

Local Content and Workforce:
Encourage the development of
local content, workforce, and
technology transfer.

Decommissioning:
Policies that address the end-of-
life of an offshore wind farm
(decommissioning,
refurbishment, recycling, etc.).




Port | nfrastru Ctu re Advanced Energy Partnership for Asia

Investments in Ports Port Needs

 Manufacturing / fabrication sites: . S o st |
where major offshore pace 10 stage large
wind components are built, stored, components

and transported.

High bearing capacity at

quayside

« Marshaling / integration sites:
where components are
delivered, stored, and loaded onto
specialized vessels for assembly at _ Adequate channel depth
site or assembled on floating ‘ a for large vessels
platforms that can be towed to the 0 :
project site.

Heavy lift cranes

Ample air draft.

» Operation and maintenance sites:
act as a base for vessels that travel
to the offshore wind project
to perform regular maintenance
activities.

e ' — Source: Shields et al. (2023a)
Figure. Installation vessel Images: Siemens AG, Lyfted Media for Dominion Energy

& USAID IINREL SREDF

FROM THE AMERICAN PEOPLE W Chwmm W= sustainoble and Renewable
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Offshore Wind Marsha”ing Ports Advanced Energy Partnership for Asia

Ideal Fixed-Bottom Value

Water Draft (m) 6-7 (feeder barge)
12 (wind turbine installation
vessel)
Air Draft (m) > 150
Laydown Area 20
(hectares)
Berth Length (m) 200-400
Number of Berths 2
Bearing Capacity 15 Figure. Foundations at an offshore wind marshalling port
(t/m?2)

Source: Shields et al. (2022)

*SINREL SREDF
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OffShore W|nd Operations & Maintenance Advanced Energy Partnership for Asia

Parameter Approximate Criteria for
O&M Ports

Water Draft (m)
Air Draft (m) > 150

/

Area (hectares) 2-4
Berth Length (m) 90

Bearing Capacity 0.5-2
(t/m?)

Source: Shields et al. (2023a)

Figure. Offshore wind turbine service vessel

*INREL SREDMY
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TransmiSSiOn Planning Advanced Energy Partnership for Asia

 Grid integration
— Point of interconnection
— Delivery to load centers
— Contribution to system reliability

— Phased expansion with offshore wind
deployment

« Subsea cable route planning
— Seabed: sensitive habitat, canyons

— Existing infrastructure: cables, pipelines Figure. High voltage AC transmission

lines near the office of the Power Grid
Corporation of Bangladesh

Image: Prateek Joshi (NREL)

— Traffic lanes and fishing activities

« Cable landfall

@usAlD TINREL SREDR
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SUppIy Chain Considerations Advanced Energy Partnership for Asia

Figure. U.S. example of offshore wind supply chain needs
Transmission Cables: Offshore wind projects have a high demand for assessment
cables for transmitting electricity generated by the wind turbines. Required Resources To Deploy 30 GW

of Offshore Wind Energy by 2030

Steel Components: Offshore wind turbines rely on steel for key structural

components, including the tower, and in foundations such as monopiles, 2,100 112,100
jackets, or floating platforms. Wind turbines Foundations
Concrete and Rock: Local companies are well positioned to supply = Sf,ﬁgge - Eeﬁmsfer

concrete and rock, which are used for scour protection of underwater vessels
components and in some offshore wind turbine foundation designs.

«314-6 <= 11
. . . . ] ] Wind tur_bine Service operation

Marshalling of Foreign Materials and Equipment: Local public/private installation vessels vessels
organizations and companies can play a crucial role in marshalling foreign- i

duced material d ' t ired for offsh ind f 4 312
produced materials and equipment required for offshore wind farms. Cable lay vessels Seour protestion

installation vessels

Provision of local workforce at different levels: engineers, technicians,

kers, other staff wh rts | ific disciplines, like safet «=4-8 «4-6
workers, other staff who are experts in specific disciplines, like safety, Transport vessels Heavy lift vessels

telecommunication, logistics, regulatory compliance, as well as suppliers of R
“board and lodging” and any other services needed. oy 12,300-49,000

=5 . .
Full-time equivalents
average annual workforce

S SAID B3 N R E L SRED I’{y Source: Shields et al. (2023b)
- <=

\u\
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Workforce Development

Advanced Energy Partnership for Asia

Offshore wind industry segments:

Development: Jobs associated with site assessment, plant design,
permitting, financing, project management, and other preconstruction
activities.

Manufacturing and supply chain: Jobs for various
components produced at multiple tiers of the manufacturing process, °
from engineering and design of components to production.

Ports and staging: Jobs involved in ports and staging, such as
terminal crews and logistics and management roles located portside.

Maritime construction: Jobs operating at sea to install projects,
including the marine crew, engineers, and installation crews.

Operations and maintenance (O&M): Jobs that involve
operating and maintaining a project during its lifetime, including wind
technicians and plant managers.

Z3USAID TEINREL

W f
FROMTHE AMERICAN PEOPLE Transforming ENERGY

Most offshore wind energy industry roles
require specialized training and relevant
experience in a skilled trade, whereas only
some roles require advanced degrees (e.g.,
bachelor’s degree or higher).

Policymakers, labor organizations, and
educational institutions can create new
education training programs and
standardized role definitions, requirements,
or credentials.

Transferable skillsets from the offshore oil and

gas industry.

Source: Stefek et al. (2022)

SREDI’*J
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Considerations for Offshore Wind in Bangladesh



Fixed vs. Floating Turbines for Bangladesh  #¢vanced fneray Partnership for Asia

Other factors influencing substructure technology  Bongladesh
choices: -

— Seabed geotechnical conditions (such as boulders,
soft soils, slopes, etc.)

Fixed-Bottom Technology °

— Port conditions (navigation channel widths and

depths, height restrictions from bridges, etc.) x
Floating Technology -

— Manufacturing or logistical challenges (areas for
component staging/manufacturing, weight bearing
capacities, materials and labor availability, etc.).

Legend

1 Bangladesh EEZ
Water Depth (m)

W= 2,000+

B 1,300 - 2,000
1500-1,300

60 - 500

0-60

Figure. Offshore waterbody depth for
Bangladesh, including areas for fixed and
floating offshore wind technologies

musmn *NREL SREDF

/ FROMTHEAMERICAN PEOPLE 0 o o e N,  Sustainoble and Renewable
Transforming ENERGY ~ Energy Development Authority

Image: Gabriel Zuckerman (NREL)
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Offshore Wind Resource in Bangladesh Advanced Energy Partnership for Asia

Wind Speed (m/s)

6.30-8.00

» Offshore wind speeds are higher in St
Bangladesh compared to onshore wind | gl
speeds. i

5.89-6.30
5.63-5.89

5.43-5.63
5.27-5.43

Sohra
- 5.05-5.27

- 2.80-5.05
Sylhet

Mymensingh

> Average offshore wind speeds (at 160 meter _Eéf,:_,g,adesh
hub height) range from 6.3 to 8
meters/second.

'

Figure. Onshore and offshore
wind speeds in Bangladesh at
a hub height of 160 meters

©SUSAID TINREL SREDF
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https://www.re-explorer.org/

BangladeSh Offshore W|nd Supply CurveS Advanced Energy Partnership for Asia

Utility-Scale Wind: Offshore N e\/
Scenario  Buffer from Shore Marine Protected Areas b j
All 10 km Exclude https://www.nrel.gov/gis/renew il ®
. . able-energy-potential.html ......".
» Technical assumptions: R :
« 15 MW turbine, 150 m hub height, 240 m rotor diameter, 5.35 MW/km? -

capacity density, assumed wake loss of 7.1%.
* Financial assumptions:

+ Capital cost scaled by plant size after exclusions are considered (depends n...,““:'
primarily on distance from construction and operations port and water
depth). O °

« Starting site-based capital cost assumption: 225,506,553 BDT/MW. SIth:Bc?Eed

 Starting site-based O&M cost assumption: 7,288,522 BDT/MW-year.

» Associated cost reductions with future global deployment trajectories based cosl
on NREL's FORCE model and expert elicitation surveys (Wiser et al. 2021). :.'.::::E:

 Fixed charge rate: 5.1%. oo ® 9000s8 ,,;::Sgt.:..:: ::f

- Assumed construction in 2030. i 5:'5::.:.:5,:;'5:'::.::'.::555.‘.;
R

site-based levelized cost of electricity (LCOE) based on
high-level assessment using preliminary assumptions

Figure. Offshore wind technical potential capacities and &

Image: Gabriel Zuckerman (NREL)

SJUSAID ITINREL SREDF
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Port Development in Bangladesh

Ty Government and Private-Owned Economic Zones
ot « Economic zones managed by the Bangladesh Economic Zones
i Authority (BEZA).
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Grid
Infrastructure In
Bangladesh

Consider the onshore
electrical infrastructure,
transmission, and
substation capacity in
areas like Cox’s Bazar and
Chittagong, to account for
potential upgrades to
accommodate offshore
wind generation

POWER GRID COMPANY OF BANGLADESH LTD. (PGCB

T65 KV, 400 KV, 230 KV & 132 KV GRID NETWORK (EXISTING, W/C & PLANNED)
-

Advanced Energy Partnership for Asia

Areas (transmission lines,
substations, etc.) of the
Bangladesh grid likely to be
most impacted by offshore wind

/ development.

Image: Power Grid Company of Bangladesh (PGCB)

Figure. Bangladesh transmlssmn system map (June 2020)
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World Bank Offshore Wind
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Case Study Vietnam Advanced Energy Partnership for Asia

« Offshore wind targets: 6 GW by 2030, 91 GW by 2050.
« Most renewable energy projects are concentrated in the central and southern regions of Vietnam.

» Capacity of the grid is not sufficient to transmit energy from the south to north when required.

2021 N wgan
Set the vision A Jraceniae
~ 2050 vision QIS e
— 2030 and 2035 targets s s e
-
2021-2022: B 50 10
Create the processes i
Successful — Marine spatial plan 0
offshore _ Leasing =
wind — Permitting X!
industry — Power purchase ;{

— Supply chain development

2022-2035: . .-
Develop the infrastructure S : o5
— Transmission s e e
- POFTS b . NS N ,_ h!‘ ng Tau.
— Supply chain
o
Figure. Vietnam offshore wind roadmap developed by World Bank Figure. Potential offshore wind manufacturing and
and BVG Associates construction ports in Vietham
. ‘f}'ﬁ?%{‘}‘\ ‘-’ / o '
Source: Lee and Zhao (2024), World Bank (2021) i%! USAID '] N R E L SRED ['{J
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Patrick. Duffy@nrel.gov
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